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Fort  Datrick 
Prtdarlck,  Maryland 


Of  THE  QUESTIQi  OS'  ZEE  RSDUCTHM  OF  2,  3,  5-3RIPHHJ1L- 
IITRAZOiLIDHCHLGRIDK  Br  KKROCROANISKS 
BaCKOINO  TO  D3J7S5HT  FAMILIES 


[Following  is  e  translation  of  an  article  by  A.  Hirsch, 

C,  Cattaneo  and  M.  MoraHini,  of  the  C.  Ibrlanisi  jhsti- 
tute  of  toe  IJI.P.S.  Tuberculosis  Clinic  of  the  Univer¬ 
sity  of  Bone  (Director:  Prof.  A.  Qaodei  Zorini),  in  the 
Qenssn-Languags  periodical  Zeltaehrift  far  Hygiene  Ih- 
foktlonaikranlcholten  (Journal  for  Hygiene  of  Infectious 
Diseases) ,  Vol  oft.?,  1958,  pages  355-366.] 

The  behavior  of  a  living  area  tore  toward  its  environment  is  Char¬ 
acterised  by  its  metabolic  capabilities  and  required  acts  in  aooordanco 
:dth  the  modem,  predominantly  functional  approach  of  biochemical  kno:v 
lodjo  In  microbiology.  These  Eatabolic-dissiailatory  processes  form  the 
basis  of  the  concerted  or  opposing  action  of  cells  and  cell  sy stars  end 
they  are,  therefore,  also  the  oause  of  pathological  processes  tiw  they 
meet  a  suitable  micro  and  microorganism,  from  the  physical  -chetrt  cel 
point  of  view  in  this  cooneotlon  It  Is  aleays  a  question  of  an  wohar.ee 
of  energy,  In  vhich  the  release  of  mergy  or  alaotrons  betveec  oell  and 
anvirceaeat  is  controlled  by  its  redox  potential  (cf.  3sld»in,  Heilar.de. 
Stuqpf).  After  pertinent  studies  in  our  specialty  of  Kyoobaoterla  bad 
urml  atakahTy  p emitted,  a  dlfferwtiation  of  the  various  apeoies  and  : 
strains  on  the  besia  of  their  different  redox  potential  and  had  lad  to  a 
aataboHo-fjaotional  olaasifioetion  la  rtraina  with  penal  tin  or  sapro¬ 
phytic  httero  trophy  (Ursoh-Cattaneo  (1)),  ve  attaepted,  in  appropriate 
additional  pursuit  of  this  problem,  to  find  evctcal  means  of  diffaxtet- 
iaticn  also  in  She  narrow  field  of  tho  biological  reduction  processes. 

’Je  ohoae  these  reactions,  cinoe  thay  are  the  heals  of  every  life-process 
sod  they  also  ooour  naturally  dspeadtag  on  tho  redox  potential  of  tho 
eystea  and  can  bo  Matured  In  a  relatively  simple  sad  oxaot  aanner.  The 
credit  goes  to  Kuhn-Jerohei  (1941)  2>rh«t4ng  had  reoouree  to  totreaolium 
•alts,  Which  had  already  bean  known  in  oheadLstiy  for  a  long  tine,  for 
x assuring  physiological  reduction  processes,  end  for  having  thus  opened 
the  -jay  to  this  direction  of  reeeeroh.  These  silts  ahotr  foe  mutual  pe¬ 
culiarity  of  having  a  odorless,  waterless  oxidation  substance  and  ‘a 
strongly  oolored,  insoluble  redaction  substance,  iron  the  aheaicil  point 
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of  ■vies  it  is  &  question  here  of  the  formation  of  red  foroasan  [unable 
to  identify  in  any  of  tho  standard  'Tories  on  microbiology]  in  which  2,  3t 
5-trl?heaj'ltetra2olitt: chloride  (TTC)  and  neotetrasoliumchloride  CITS)  are 
used  mainly  as  initial  products  (of.  Jasbor,  iiattson-Jensen-Dutoher, 
Smith).  TJe  chose  TTC,  because  with  it,  as  with  the  other  mono tetrasoliua 
salts,  reduction  occurs  smoothly  on  one  level,  while  tilth  5TC  by-products 
are  formed  that  apparently  have  a  atxangly  toxic  effect  on  certain  cells 
and  also  nay  affect  a  quantitative  measurement  (Burtnor-3ahn-Longlay). 

It  can  also  be  established  iron  the  basic  reaction  that  these  -processes 
depend  on  the  redox  potential  of  the  reducing  systea,  that  TTC  does  sot 
act  as  a  redox  indicator  but  rather  as  a  simple  hydrogen  acceptor,  since, 
on  the  one  hand,  the  formation  of  .foixaaaae  is  considered  as  irreversi¬ 
ble  for  biological  conditions,  on  the  other  hand,  it  Is  only  a  question 
of  uniting  with  hydrogen  in  the  reaction,  vMch  cones  from  another  sys¬ 
tem,  at  a  certain  point  in  the  course  of  the  complex  dehydrogenation  pro¬ 
cess,  consequently  of  the  metabolic  migration  of  hydrogen,  naturally  at 
the  level  on  which  it  corresponds  to  the  redox  potential  of  TTC. 

Proo  the  practical  point  of  view,  the  reduction  of  the  tetrasolittn 
salts  is,  accordingly,  to  be  interpreted  as  the  expression  of  a  single, 
although  essmtial,  partial  factor  of  the  dissinilatosy  metabolic  cap  la¬ 
bilities  of  a  cell  or  of  a  group  of  cells  and  is,  therefore,  directly 
.  Haired  to  the  life  of  the  cell  or  to  the  activated,  specific  ensyces  pre¬ 
sent  in  it.-  Eie  various,  end  at  a  superficial  glance,  contradictory  ap¬ 
pearing  opinions  of  writers  on  the  subject  are  explained  by  the  very  com¬ 
plect  processes.  However ,  it  is  principally,  a  question  only  of  differences 
in  interpretation,  if  the  too  narrowly  limited  initial  points  of  view  do  < 
not  make  a  nore  highly  placed  opinion  possible.  Thus  part  of  the  re¬ 
searchers  see  in  the  TTC  reaction  the  vital  staining  or  the  expression  of 
the  viability  and  gera instive  ability  of  the  calls;  others,  an  the  other 
hand,  take  a  ocneiderably  broader  view,  including  various  metabolic  pro¬ 
cesses,  ldvlla  still  others,  in  view  of  the  toxic  effect  of  the  tetrasol- 
iun  salts  or  of  the  fbxmasan  that  is  produced,  have  recourse  to  trHhi- 
tion  experiments. 

So w,  the  purpose  of  the  present  study  use,  is  further  pursuit  of 
the  experiments  ifcioh  have  bean  performed  (Sireeh-Cetteneo  (2,  3)  with 
the  family  of  KroobactaHjof  *  for  introducing  a  TTC  test  for  different¬ 
iating  the  various  spades  mod  strains  on  the  basis  of  their  fundamental 
metabolic  differences,  to  conduct  research  on  the  extent  to  vhioh.  these 
eoqperiamits  can  be  generalised,  that  is,  whether  it  is  a  question  hers  of 
a  phmumupon  that  is  generally  valid  for  microorganiaas.  Therefore  it 
mss  primarily  neoeaeary  to  make  certain  Whether  conn  action*  bates*.  the 
TTC  motion  and  virulence  and  the  pathogenetic  capability  of  a  strain, 
closely  linked  to  those  oooneotians,  could  be  detected  in  other;  tallies. 

md  Our  Owe 

3h  order  to  have  the  greatest  possible  survey  of  the  entire  field 


or  «iio  predominantly  pathogenic  mieroorjanisns,  we  eoctanded.  oar  ej^pari- 
r.c-.-is  on  tha  TTC  reduction  ability  to  &  total  of  95  different,  classified 
sr£rr.ias.  -'ey  bdcns  to  11  f sallies  of  the  class  Schisomycetes  (order: 
Pscusor.sr.&dalGs.  Subactcrlalss .  Actir.oaycetalas)  and  for  purposes  of  com¬ 
parison  to  one  family  of  the  class  Deutsrosvcetss  (order:  AaUosogBjj °T~ 
cone  from  the  collection  of  the  Istituto  Supariora  di  Sanita  (Grad¬ 
uate  School  of  Health),  the  Istituto  di  Klcrobiologia  dell'Universita  di 
?r>na  (Microbiology  institute  of  the  I’niversity  of  Soma)  and  the  Icstitoto 
Carlo  Fbrlcnini  (Carlo  Sbrlaaini  'Institute) ,  Growth  took  place  on  solid 
or  lio.uid  culture  sedia,  aooording  to  the  oor.citions  of  the  individual 
strains,  at  a  temperature  of  37^  C.  The  entire  list  of  the  strains  stud¬ 
ied  is  In  the  tables,  in  which  the  classifies  tier,  of  the  bacteria  is 
node  aooording  to  data  fros  Sergey' s  Kar.ual  of  Determinative  Baotsriol- 
orr  (Baltimore:  VJillians  &  Wilkins,  1957). 

In  order  to  nair.talr.  a  basic  insight  into  the  reaction  readiness 
and  the  experimental  conditions  to  be  used,  we  perforsed  appropriate  pre¬ 
liminary  experiments  rlth  a  series  of  different  strains: 

a.  TTC  was  added  to  the  culture  nedia  In  a  concentration  of  5  ng., 

10  mg.,  25  mg.  and  50  mg.  per  100,  then  inoculation  was  undertaken  and 
growth  was  controlled;  N 

b.  several  drops  of  a  0.Q2&  TTC  solution  in  a  buffer  solution 
at  pH  7.0  were  prut  into  the  oultoree  already  growing  on  a  solid  eultre 
median  and  the  reaction  result  was  observed  at  room  temperature  after  30, 
60  and  ISO  minutes; 

c.  a  culture  sample,  about  5  mg.,  taken  with  «  wire  loop  froc  c 
culture  on  a  solid  nutrient  aedlxa,  or  from  t  liquid  culture  aedius  after 
eantrlfugiag,  was  mixed  with  the  TTC  solution  on  a  hollow  slide  and  the 
reaction  continued  as  in  b. 

is  the  result  of  these  preliminary  experlcets,  we  were  able  to 
establish  that  the  addition  of  TTC  directly  to  the  culture  medium  onuses 
a  very  different  Inhibition  of  growth  from  strain  to  strain,  especially 
ulth  concentration  a  of  over  10  mg.  per  100.  Otherwise  the  reaction  was 
costly  positive  with  strains  that  were  growing  well.  On  the  other  bend, 
tha  addition  of  TTC  solution  to  already  grouing  cultures,  whether  they 
tiers  taking  place  on  solid  nutrient  medium  or  on  a  hollow  elide,  yielded 
clear  results  dne  to  the  fbauticn  of  fonasan  that  waa  oocurring  intrm- 
oellularly  end  that  occurred  to  a  different  degree  aooording  to  the  strain 

fiqperiaenta  pertaining  to  the  eonottratjon  of  this  TTC  solution^ 
added  to  the  culture  on  the  culture  medium  or  "in  vitro*  Showed  that  an\ 
in  crease  in  concentration  up  to  O.OJJf  of  TIC  produced  a  certain  in  tonsil 
fl cation  of  tha  reaction  result,  without  our  detecting  disturbing  Inci- 
dentel  phenomena. 
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After  ye  were  able  already  to  detect  a  strong  dependency  of  the 
TIC  reaction  on  the  pH  an  Ifycobacteria,  ye  also  -worked  with  the  present 
strains  in  a  broad  p3  range.  Here  also  it  was  basic  that  the  reaction 
became  positive  61  that  an.  increase  in  the  color  intensity  was  found  in 
a  strang  alkaline  medium. 

Our  observations  with  respect  to  the  duration  of  the  reaction  and 
therefore  to  the  corresponding  read-off  time  showed  that  in  the  strains 
■fJith  a  positive  TTC  roaotion  a  red  coloration  appears,  setting-in  mostly 
after  10-3-5  minutes  and  increasing  at  room  temperature  up  to  60  r-inutas, 
that  then,  however,  in  the  subsequent  tine  between  1-24  hours  a  slight 
deepening  of  the  coloration  was  barely  detectable  without  a  change  in  the 
motion  result.  Fundamental  changes  no  longer  appeared,  moreover,  after 
one  hour  in  strains  with  a  weak  positive  or  a  negative  TTC  reaction. 

Therefore,  -the  following  qaeoartmant  tadhniaue  was  created  for  per¬ 
forming  the  definitive  experiment*:  TTC  Reagent:  0.05  f*  of  2,  3,  5»t 
trlphonyltetreaolium ohlo rid*  were  dissolved  in  100  ml.  cf  K/30  buffer  so¬ 
lution  (pH  2.8,  5.0,  7.0,  9.1,  12.5).  The  reagent  la  stebla  for  about 
one  weak  i&an  it  is  preservsd  in  a  oool,  dark  place.  —  Performance: 

Three  to  four  drops  cf  TTC  reagent  were  added  directly  to  the  growing 
culture  tm  a  solid  culture  medium  or  were  well  mixed  on  a 'hollow  slide 
with  about  5  mg.  of  bacteria  substance.  Headings  were  taken  of  the  re¬ 
action  at  room  temperature  after  60  xiautas,  and  are  indicated  as  foUnrs: 
-  ■  no  coloration  of  the  call  mass;  ♦  *  pink  tinting;  *  »  red  coloring; 
**  ■  purple  to  violet  coloring. 

The  findings  obtained  in  this  way  from  the  95  different  strains 
used  are  entered  separately  in  the  tablet  (appended  at  the  end] ,  by  stems 
of  efeioh  a  clear  difference  can  be  discovered  in  the  remit  of  the  TTC 
reaction  batman  the  individual  genera*  while  within  then,  with  the  ex¬ 
ception  of  the  genera  Pseudomonas,  Xlabaiella,  Hyoohaoterlvn  and  Candida, 
no  marked  difference  oea  be  detected  in  the  behavior  of  the  ■  train  a.  The 
remit  of  the  TTC  motion  above  up,  dap  aiding  on  the  jfi  vtlua.  lhare- 
fbre,  TIC  is  cot  reduced  by  sny  strain  at  pH  2.8  end  is  reduced  by  all 
of  then  at  pH  12.5*  The  comet  range  of  study  lies,  therefore,  between 
pH  5  and  pH  9,  according  to  our  experience. 

a  i  Wilton  at  Sht  laatti  «afl  fla&sWm 

Won  the  taotnloal  point  of  view,  there  la  always  the  fundaacxtal. 
question  of  the  addltioc  of  a  substrate  In  peorfbzwing  theae  or  sdartlar 
msjae  sxp  aria  ants.  the  majority  of  the  authore  Hated  In  the  blhlio- j 
graphy  at  the  mid  used  in  thedr  woik  one  that  we  rejected,  however,  in', 
this  aeries  of  studies.  In  order  to  obtain  e  concise  survey  of  the  aatab- 
olio  oapeolty  with  reference  to  TTC,  without  increasing  the  danger  of 
giving  preference  to  particular  strains.  Our  studies  prove,  cn  the  one 
bend,  that  TTC  redaction  la  also  possible  without  the  addition  of  s  euh- 
artrate,  Which  oould  be  Awscnstreted  particularly  in  Hjoohactaria  (HlxsA- 
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Ceiicaco  (2)),  and  -chat  no  difference  ccn  be  ascertained  in  the  reacticE 
result  in  the  presar.es  of  the  culture  Bedims  In  comparison,  with  the  ex¬ 
periments  "in  vitro".  The  question,  "substrate  or  no  substrate”,  cannot 
ho-.rover  bo  disposed  of  definitively.  therefore,  because  it  is  entirely 
conceivable  that  precisely  in  the  genera  that  let  no  possibility  of  dif¬ 
ferentiation  be  established  on  the  existing  conditions  the  addition  of 
a  specific  substrate,  that  oauses  the  activation  of  specific  ensysos, 
permits  the  discovery  of  strain  differences.  Therefore,  it  is  clear  that 
this  say  only  be  expected  by  using  truly  specific  substrates,  since  the 
Ketcaolic  decomposition  of  the  nonaal  substances,  which  can  be  used  cy 
bo st  of  the  strains,  nay  merely  lead  to  a  further  assimilation  cf  the  re¬ 
sults.  Closely  connected  Tilth  this  question  is  the  question  of  the  fo¬ 
il  ardency  of  the  TTC  reaction  on  toe  pH,  which  usually  only  affords  the 
possibility  of  a  differentiation.  It  is  explained,  on  the  one  hand,  as 
the  consequence  of  the  dose  connection  of  pH  to  all  ensyaatie  process¬ 
es,  Aether  in  relation  to  the  aotivation  of  potentially  present  easjaes, 
or  fbr  the  fenuatation  process  itself,  an  the  other  hand,  perhaps  also 
on  the  basis  of  differences  in  permeability. 

If  the  results  of  our  studies  are  coopered  with  the  data  of  other 
writers,  it  is  sen  that  there  are  experiments  an  the  TTC  reduction  abil¬ 
ity  of  only  individual  strains  froc  the  families  of  the  Pseudoacnadacsae 
(Antopol-CUubach-Ooldnap,  Dianstni),  of  the  Siterobactarlacaaa  Untopol- 
fn  aubacV-Goldast ,  Dianasnl,  Gargaai-Kirracir.i ,  ChcoithiUr-dleoca  Petrovcsu, 
HuAflaann-Baltiar,  topper,  Lederberg,  3 aruhara-Q--lt tr. «r-Qol  deep -Antopol , 
riordBssn-IUde^ordnann-Sezvent-aauhhezy,  Stolp.  vtadt) ,  of  the  Broceilanae 
(Huddleson -Salta ar,  Tfclago  da  Helio-Silva) ,  of  the  KLcroooeeaoeae  (Wsa- 
asni,  Qtrgani-Karraoinl ,  Qheorghiu-Aleoca  Petrovenu,  3uddleaon-3altmer, 
Ssvag-Pbzbee,  Wundt),  of  the  LaotobaolUaoeae  (Antopol-OlaAaob- Ooldssn, 
Senas,  BndiTl eeon -Belts er,  Wundt),  of  the  Ooxynebeoterlecoee  (Thlbeut- 
Welseh,  Vfndt),  of  the  Beeillseeee  (Ar.topol-Claubaah-Ooldaen,  Oergani- 
Marxecini,  Cheorghiu-llexs  Petrovenu,  Hsddleeoa-Baltaer,  Soru-Stemberg), 
of  the  tycobacterlacaae  (AriM-?auawto-Xahinoto-Takshaahi  (1,  2),  Qast- 
asbide  Odiar-toith,  Sirech-Cattsnao  (2,  3),  Inal.  tonai-Tsnagisswa, 
Iocfaweeer-3*rcley-Sbert  (1,  2),  Sochveser-Jbert,  HaoVsndiviecre-Gentry- 
wmia,  Sepl-Bloeh,  vnntereehaid-OUok-Mudd) .  of  the  Spirilleoeae  (Qer- 
gsni-Karraedai,  Soru-Stemberg),  of  the  Torulopsideceae  (Ragal,  Paxaao- 
Lervin-Trelo)  and  of  the  Saoebaroayoeteoeee  (gegel).  there  ere  so  data  on 
Voieeerleoeee,  lotiaoayoeteeeee  and  Streptoayoetacaae,  Oboes  reproeente-  . 
tivee  are  eleo  included  in  our  Material.  It  would  be  far  beyond  the 
Units  of  this  article  for  us  to  want  to  gp  into  detail  on  all  these 
studies,  lather  it  teens  proper  to  sake  a  ooeparteoa  not  of  the  iadig" 
viduel  results  but  ruther  of  the  ettapta  at  interpretation  or  of  the 

Depending  on  the  starting  point  of  their  txpsri*sots,  oaay  writers 
tee  the  TTC  reaction  only  seder  the  point  of  view  of  a  staple  vital  ool- 
o  ration  or  in  ooapartaon  Tilth  com  ting  the  growing  colonies,  increase  of, 
the  mtiil master  values,  etc. ,  aa  an  otpreesinn  of  vt ability  end 
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ptBCMbility.  Authors  who  are  more  biochraically  oriantad  emphasize  the 
possibility  of  drawing  on  the  enzymatically  controlled  production  of 
foimasan  for  studying  netabollc  processes  that  characterise  the  behavior 
of  the  various  microorganisms.  Various  others,  primarily  pure  bacteri¬ 
ologists,  studied  the  toxic  action  of  TTC  and  SIC  on  bacterial  cultures 
and  they  discuss  the  sore  or  less  strong  inhibitory  effects  that  shm  up. 
3a  addition  to  these  publications  that  barely  go  beyond  the  franeroric  of 
gmaral  observations,  other  miters  took  a  decisive  step  ahead  by  re¬ 
sorting  to  the  differences  found  in  the  enzyme  family  or  in  growth  dis¬ 
turbances  for  the  purpose  of  differentiation.  Thus,  on  the  basis  of 
their  dlffemt  sstabolio  capabilities  on  culture  cedis  with  the  addi¬ 
tion  of  XTC  and  enrlohed  with  a  greet  amount  of  carbohydrate,  individual 
strains  of  Strep  to  oooci  (Barnes) ,  Salmonella  end  Ssoharichla  (Huddle  son- 
3alt»er,  Ledarbarg),  Brucella  (Euddlesoa-Baltser,  Tniago  de  Helio-Silva.), 
Shigella  (Lederbarg)  and  Candida  (Pagano-Levin-Tre Jo )  vara  successfully 
differentiated.  It  was  also  possible  to  accomplish  a  species  and  strain 
differentiation  in  vitro  or  on  culture  media  with  the  addition  of  TTC, 
based  on  the  different  degree  of  fomaun  production  (Hirsch-Cattanso 
(2,  3)).  It  was  also  determined  in  these  experiments  that  the  differ- 
maces  found  in  the  TTC  reduction  ability,  either  depending  on  the  p3 
value  of  on  the  substrate  used,  make  it  possible  to  pass  Judgment  on  the 
question,  parasite  or  saprophyte,  or  pathogenic  or  not,  ae  'could  clearly 
be  demonstrated  in  Hrcobaotaria  (Hanks.  Hlrsob-Cstteneo  (2,  3))»  to  Bs- 
chsrlohla.  Salmonella  and  Shigella  (lederbarg),  aa  well  as  In  various 
Candidas  (Pagano-Levin-Tre Jo ) .  the  studies  that  were  also  conducted  tor 
differentiation  purposes  on  the  growth  Inhibiting  effect  of  tetsaaoliua 
salts,  among  tfclch  ITC  stands  out  particularly  das  to  its  toxic  action, 
ptodtted  a  asparattoa  of  a  typical  and  avian  strains  froo  other  Hr co- 
bacteria  strains  (Gastaablde  Odisr-toith),  the  differentiatl*  of  Qwy am- 
baoteria  of  the  erstis  typ4  from  the  sitia  tope  ( Thlbaut-Velecfa )  and  the 

Serai  determination  that  gram-positive  bacteria  acra  aora  Mndtive  to 
than  gran  negative  bacteria  (Qarganl  Harraadnl) . 

to  ordar  to  touch  only  briefly  on  the  raaotlea  fuadammital  of  TTC 
redaction  (of.  Rireob-Qattaneo  (t)),  it  la  a  question  here  of  the  action 
of  dehydrogenase  gyst®a,  ddsb  are  tied  In  with  the  most  primitive  life 
processes  of  ceils  (re^lratton,  ate),  to  which  there  is,  without  doubt., 
a  certain  dependency  on  ooensyoe  I  end  n  Qkttacn-J®a®-Durehsr,  toith) 
as  wall  as  on  the  flavonxotsto  portion  of  cytochzona  C  (I®).  totoo 
add  debydroganaM  (Kurt),  pho^hoglyusimldahyda  dahydroganaea  (Bxodie- 
Qote),  soootoate  dehydrogenase  ana  pyridtos  nuolsotlde  dakydrogvmasa 
Qto.tteoo--Iao»«e-Dutabsr) .  Therefore,  It  may  be  aasaied  that  all  oelle 
here  the  oorreapondtog  mqsM.  at  least  to  the  potential  stage,  that 
their  estivation,  however,  takes  place  wader  very  different  eonditi®#.  \ 

If  the  resulte  of  our  mrpertmanta  are  ooasldarad  to  be  definitive, 
th®  it  may  ba  eetehllahed,  basically,  tost  definite  dlffsrenoea  to  toe 
TTC  reduction  aapabUlty  of  toe  various  strains,  determined  to  be  depen¬ 
dant  on  the  pB  value,  war*  found  to  these  ccperiJMnts,  tost  ware  performed 
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under  praoissly  the  iwt  conditions  without  using  a  substrate.  S**xy 
strain  "X3  able  to  produce  fonsaaan  la  a  core  strongly  alkaline  environ- 
j  bowsver  in  neutral  or  acid  environments  only  certain  genera -or 
Individual  strains  acconplishad  this.  The  last  fact,  precisely,  ap¬ 
pears  to  US]  therefore,  to  he  most  daservlng  of  mention,  since  it  Indi¬ 
cates  ths  existence  of  a  nosr.s  of  differentiation.  It  can,  therefore, 

'oe  assured  that  in  TTC  reduction  it  indeed  is  a  question  of  a  reaction 
basically  possible  in  all  strains  but  strongly  dependent  on  the  eaperl- 
ncat  conditions,  'idvich  affords  a  conclusion  on  the  netabolic  processes 
of  the  individual  strains  or  genera.  Jroc  the  point  of  view  of  the 
classification  of  microorganisms  based  on  Gr«r:  s  staining,  on  the  one 
the  gram-positive  etralcs  •generelly  also  show  a  positive  TTC  reaction 
at  lev.*  pH  values,  utile  with  grec-cegatlv*  strains  this  was  only  found 
In  certain  saprophytes;  on  the  other  hand,  the  tendency  was  el  so  clear¬ 
ly  established  in  the  foraeir  that  saprophytic  strains  reduce  TTC  rare 
strongly,  thloh  ehor  up  nost  clearly  in  Kycobacteria  end  Candida*.  Coder 
the  d.ver.  conditions,  that  were  to  provide  us  with  the  oasis  fbr  conpar- 
ison  in  a  preliminary  study,  a  clear  differentiation  In  parasitic  and 
saprophytic  strains  shows  up  with  certainty  only  in  these  tso  gmare; 
it  scams  likely,  however,  that  further  experiments  performed  with  dif¬ 
ferent,  specific  substrates  will  also  permit  a  corresponding  differen¬ 
tiation  in  strains  of  the  other  families.  Sis  differentiation  is  baaed 
on  the  different  metabolic  processes  in  indirect  dependency  on  the  redox 
potential  of  the  ayrtems  aid  it  gives  an  insight  into  the  behavior  of 
mleroorganlaas  with  regard,  to  their  environment,  chat  is,  practically, 
into  the  question  of  pare  site  or  saprophyte  and  the  consideration  of 
pathogratlo  capabilities  closely  oonneoted  with  it. 


After  a  preliminary  diecuAsicn  of  the  probln  of  the  bahavior  of 
a  adoroorpniao  with  respeot  to  its  sevtroeo«t  with  referees  to  its 
di sainilatory-ceUbolio  processes  the  aethers -tab  a -up  the  biologioal  re¬ 
duction  proe  wsea;aM*  titfr  afeairuranunt  by  transferring  tatrasolium  salts 
into  furaaian.amd  AAsapiisUsst  the  reaction  potmfftCigDii»*by'\siag  2, 

3,  3-trlnhan^etrdaolltafchlorld*  (TTC)  en  93  different  strains  that  be¬ 
long  to  12  ftAlles  of  sacroorganises.  the  TIC  teat,  performed  without 
the  addition  of  a  substrate,  yielded  clear  diffarancae  in  the  re&ptlon 
ability  of  the  various  strains,  ifaloh  were  found  to  dapn&d  en  ths  pK  val¬ 
ue.  It  osrft‘41  determined  that  TTC  redaction^  appearing  to  be  oonneoted 
with  the  dehydro gmatioo  iiumpaeee  ami.  TfieTjuis.  with  the  fundascital 
Ufa  jcooesaea  of  the  callable,  indeed,  a  motion  that  is  possible  in 
all  strains  but  one  that  is  vs rj  d^andot  on  ths  goodltlonVjndrhp  ais 
of  .rtiehr  utuftw  ilia  ^van  wmsmtmant  sraidlt  Auuaftasare'iBCffartntlatlflQ 
into  porusltio  and  asprophjrtlo  strains  ooovra  only  with  Atjoobeotmria  ®d 
Osndida*.  ttisMaefm  these  reseam  results,  it  teems  MMyJwswn 
that  a  differentiation  of  the  atzmlns  of  the  other  families  mill  also  be 
possible  by  means  of  appropriate  aptrtsnti  using  specific  sebstrsiea.  t 


It  depends  on  the  different  catabolic  processes  and  gives  an  Insight  in¬ 
to  the  behavior  of  the  aioroorganisn  vith  respect  to  its  environment  and 
into  the  pnoblen  of  parasite  or  saprophyte  and,  therefore,  into  the  path¬ 
ogenetic  potential*  ties. 
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